Introduction Vascular endothelial growth factor (VEGF); secreted by vascular tissue and a variety of tumour cells; is a potent angiogenic factor and plays a significant role in both physiological and pathological angiogenesis [1] [2] [3] [4] [5] [6] . Also; nitric oxide (NO) has tremendous effects on all tissues and is known to mediate angiogenesis and vascular permeability [1] [2] [3] [4] [5] [6] . NO appears to play a key role in the VEGF-induced proliferation of endothelial cells [4] . VEGF is highly expressed in cerebral vascular malformations and excessive VEGF expression can induce increase vascular remodeling and hemorrhage [2] ; NO is a product of the conversion of L-arginin to citrulline; which is catalysed by nitric oxide synthase (NOS) [4] . There are three isoforms of nitric oxide synthase (NOS): neuronal NOS (nNOS); inducible NOS (iNOS); and endothelial NOS (eNOS) [3] . VEGF stimulates NO release mediated by the VEGF receptors in human trophoblasts and also induces eNOS and iNOS expression in vascular endothelial cells in vitro [3] [4] ; but the inhibition of these receptors was found to result in increased cell proliferation; suggesting that NO may limit the proliferation of trophoblasts [4] . However; the inhibition of in vivo NO results in a decrease in angiogenesis and vascular permeability induced by VEGF [3] . However; the exact role of NO is controversial in cerebral angiogenesis and its mechanism is not clearly understood. In neurosurgery; pathological states like arteriovenous malformations; cavernous angiomas; venous angiomas and tumours are common diseases that a neurosurgeon often observes in daily practice. If the vascular development of these lesions could be explained; more appropriate therapeutic attempts might be established. We hypothesized that; NO is a critical mediator in VEGF activated angiogenesis in the brain. The aim of this study is to investigate the role of NO and VEGF systems in the physiology of cerebral vasculogenesis and angiogenesis procedure in a chick embryo model.
Material and Method
Experimental Design and embryo collection: In this study; we used 120 specific pathogen free (SSPF) white Leghorin type fertilised eggs. These eggs were provided by the State Chick Research Centre; Manisa; Turkey and incubated at 37;8  0;2 C; at 65-75 % humidity up to 48 (group 1); 72 (group 2) and 80 hours (group 3). 48; 72 and 80 hours incubated embriyos were evaluated with proper microdissection. In each time point; 10 embryos were collected for iNOS; eNOS and VEGF immunoreactive staining. In brain nitrite-nitrate assay group; early brain structures were dissected under 5X visual magnification and nitrite-nitrate tissue concentrations were determined with Greiss method (n: 10 for each time point).
Histological evaluation:
Eggs were opened after 48; 72 or 80 hours of culture time; embryos were dissected and fixed in formalin solution for 24 hours. Embryonal development was assessed regarding the Hamburger-Hamilton scale under light microscope [7] . They were washed and soaked in graded series of ethanol and embedded in paraffin. Transverse serial selections (5 microns thick) were taken from optic tectum layer of the cranium and prepared for both histochemical and immunohistochemical staining. Hematoxylin staining was used for histological observations of developmental stages of vascular endothelium. Slides were mounted using entellan and covered with glass coverslips prior to viewing and photography under the Olympus BX-40 light microscopy. For immunohistochemical staining; sections were first incubated at 60°C overnight and then incubated in xylene for 30 min. After washing with a decreasing series of ethanol; sections were washed with distilled water and phosphate-buffered saline (PBS) for 10 min. Sections were then treated with 2% trypsin in Tris buffer (50 mM Tris base and 150 mM NaCl dissolved in deionized water) at 37°C for 15 min and washed with PBS. Sections were drawn delineated with Dako pen (Dako; Glostrup; Denmark) and incubated a solution of 3% H2O2 for 15 min to inhibit endogenous peroxidase activity. Then sections were washed with PBS and incubated for 18 h at +4°C with primary antibodies to polyclonal anti-iNOS in a 1/100 dilution (Zymed 61-770 South San Francisco; CA; USA); anti-eNOS in a 1/200 solution (Biomol S-258; Hamburg; Germany) and a monoclonal anti-VEGF antibody in 1/200 dilution (Neomarkers; Fremont; CA; USA). Afterwards; sections were washed 3 times for 5 min each with PBS; followed by incubation with biotnylated IgG and then with streptavidin-peroxidase conjugate (Dako). All incubation steps were separated by 3 washing steps. After washing 3 times for 5 min with PBS; sections were incubated with DAB substrate containing diaminobenzidine (Dako) 5 min to stain immunolabelling and then with Mayer's hematoxylin. Sections were covered with mounting medium and were analysed light microscopically with a BX 40 microscope (Olympus; Tokyo; Japan). Control samples were processed in an identical manner but the primary antibody was omited. Two observers blinded to experimental information evaluated the staining scores independently. Staining intensity was graded as mild (+); moderate (++) and strong (+++) respectively. Biochemical evaluation: In all groups (n:10 for each time point); each early brain structure was dissected under 5X visual magnification with microsurgical technique and placed into glass tubes; labelled and stored in a deep freeze (-80 0C) until homogenization processing. Tissues were homogenized on ice at 12000 rpm for 3 minutes using a homogenizator (IKA T25 basic U.K.) in ice cold phosphate buffer (0;01 M; pH=7.0). Since plasma nitrite (NO2-) and nitrate (NO3-) levels can be used to estimate NO production; we measured the concentrations of these stable NO oxidative metabolites. Determination of NO2-and NO3-was based on the Griess reaction in which a cromophore with a strong absorbance at 545 nm is formed by reaction of NO2-with a mixture of naphthlethylenediamine and sulfanilamide [8] . After samples were deproteinized with Somogyi reagent [9] ; an aliquot of the sample was mixed with fresh reagent. 40 minutes after incubation time the absorbance was measured in a spectrophotometer (Shimadzu UV-1201; Japan) to give the NO2-concentration. A second aliquot was treated with copper-coated cadmium granules (Cd) in glycine buffer at pH 9.7 (2;5-3 g Cd granules for a 4 mL reaction mixture) to reduce NO3-to NO2-. The concentration of NO2-in this aliquot thus gave the total NO3-plus NO2-; finally representing total NO concentration. A standard curve was established with a set of serial dilutions (100 µmol/L to 5 µmol/L) of sodium nitrite. The resulting equation was then used to calculate the unknown sample concentrations. The nitrite-nitrate data are expressed as the mean  standard deviation and were analysed by Anova-Varyans test. When there were differences between groups; Duncan test was used to definite whether there were difference between groups according to time period (48; 72 and 80 hours). A probability value of <0.05 was considered statistically significant.
Results

Group 1 (48 hours time point [Human 3;5-4 weeks]):
In hematoxylin stained sections; the development and closure of neural tubes were complete. The development of brain vesicles; optic vesicle; paraaxial mesodermal and cardiac cells was also detected. In the neck and cranial areas of the body; angioblasts were determined but no vascular or endothelial structure had developed (Figure 1a) . iNOS immunoreactivity was negative in the whole embryo and in immature neural tissue ( Figure 1b) ; but in a few angioblasts; mild immunoreactivity of eNOS was detected ( Figure 1c ). Consequently; VEGF immunoreactivity was observed strongly; mainly surrounding matrix of angioblasts (Figure 1d ). The result of nitrite-nitrate measurement was 6;160;31 micromol/ tissue weight [per gram] (Diagram 1). Group 2 (72 hours time point (Human 6 weeks)): In hematoxylin stained sections; the development of brain vesicles was complete; optic vesicle differentiation continued and the major parts of eye differentiation were almost done. Cardiac atrium and ventricles were differentiated; and red blood cells could be seen in these structures. Arteriolar development was completed and endothel formation was almost finished ( Figure  2a ). While iNOS immunureactivity was still absent in the whole section ( Figure 2b) ; eNOS reactivity was strongly positive; especially in endothelial layer and periarterial mesenchymal tissue (Figure 2c ). VEGF reactivity was still strong; especially in endothelial and surrounding tissue (Figure 2d) slightly low (Table 1) . Group 3 (80 hours time point (Human 8-10 weeks): In this time point; the development of optic vesicles was completed. Arteriolar development was also finished and a significant amount of vascular tissues containing endothelium was observed (Figure 3a) . eNOS immunoreactivity was decreased to moderate level in all embryonic tissues at this stage; it could still be seen in endothelial layer; but periarteriolar activity was suppressed (Figure 3c ). iNOS activity was still negative ( Figure  3b ). Although VEGF activity was decreased minimally; it was still strongly positive in this stage especially in endothelial layer and periarteriolar mesenchymal tissue (Picture 3d). The result of nitrite-nitrate measurement was 0;78 0;28 micromol/ tissue weight (per gram) (Diagram 1). This result was lower than those of group 1 and 2. There were significant statistical differences when this value was compared to group 1 and group 2 (p<0.05) ( Table 1 ).
Discussion
Angiogenesis is the major key factor for growth of new tissues; but factors that contribute angiogenesis are still unclear. It has been shown that VEGF has important effects in angiogenesis and vasculogenesis via its R1 and R2 receptors [10] . It has been also suggested that depletion of VEGF in angioblasts causes inadequate vasculogenesis [11] . Based on literature; however; findings are conflicting with respect to the exact role of NO in angiogenesis. An increased level of NO has been found in human tumors [6] . Blocking NOS activity has been shown to retard the growth of tumors; excessive production of NO increases tumor growth [6] . Many conflicts about the effects of NO on vasculogenesis and angiogenesis have been seen for a few years. Jadeski et al. [12] reported that inhibition of NOS by L-nitroarginine methyl ester (L-NAME) depressed neovascularisation inducted by a rat's mamillary tumour. Murohara et. al. [13] showed that in Albino Guinea pigs; L-NAME (20 mg/ kg) inhibited the most important part of vasculogenesis and the increase of vascular permeability by a VEGF pathway. In a study by Kang et al.[14] ; inhibition of NO by L-NAME was also diminished. neovascularisation in a sick rat's kidney model. In addition; application of L-NAME prior to VEGF caused an inhibition of vascular permeability [15] . Inhibition of NO system was also decreased angiogenesis in a rat' and a rabit's cornea models [16] . Papapetropoulos suggests that vascular proliferation induced by VEGF has been mediated by NO and could be blocked by L-NAME; in human umbilical venous cell culture [17] . It was suggested that VEGF also caused new vascularisation via NO system and these effects could be diminished by L-NAME [18] [19] [20] . In contrast to these authors; some reports suggest that NO could not affect vasculogenesis and angiogenesis procedure. For example; Norrby et al. [11] noted that NO system inhibition by L-NAME did not inhibit angiogenesis mediated by VEGF165. For this reason Pipili-Synetos et al. [21] [22] suggested in two different studies that inhibition of NO system had increased angiogenesis in a chick embryo's chorioallantoic membrane model. The mechanism of the effects of NO is not clearly understood yet. In this study we want to evaluate the relationship between physiological development and VEGF-NO system of chick embryo cerebral vascular structure. In the current study; VEGF could be seen in all stages of vasculogenesis and angiogenesis. Although iNOS activity was not positive in all phases in physiological condition; eNOS activity was strongly positive in early stages and it was decreased in later phases. In this procedure we can be suggest that iNOS activation from parenchyma of the brain plays a role in this step of the procedure. But regarding our results; it seems that iNOS activation has no effect during the vasculogenesis and angiogenesis procedures. Also; VEGF values were higher when eNOS values were high. But with time; eNOS activity decreased as well as VEGF values. This situation was evident especially at 72 and 80 hours time points. It can be estimated that in vasculogenesis procedure; VEGF and eNOS activity have great importance and work together during brain vasculogenesis. But as the time passes when vasculogenesis is over and angiogenesis starts; many other factors may be involved in this procedure and the effect of NO decreases. And another important point is that the vasculogenesis and angiogenesis procedures are realized by primary canalisation conducted by endothelial function in cooperation with VEGF-NO system. In our study; a significant correlation between eNOS and VEGF was found in angiogenesis; suggesting that there may be a direct relationship between the presence of NO and VEGF in the regulation of angiogenesis. In previous studies; however; iNOS was found to be high and excessive NO production mediated by iNOS has been implicated in the pathogenesis of various diseases [6] . They hypothesized that enhanced iNOS production supports the role of NO as a mediator of physiological and pathological processes [6] . Moreover; it may be speculated that the presence of iNOS in cerebral malformations reflects an increased production of NO [6] . However; from the current data; it is not possible to elucidate the exact role of NO in the regulation of cerebral angiogenesis. We view the presence of eNOS in cerebral angiogenesis as a reactive process. In future more studies will be needed to evaluate the exact mechanism of the signalling pathway regarding the vasculogenesis and angiogenesis procedure. In our study; we found that in the early stages of procedure [48 and 72 hours]; iNOS immunoreactivity was low whereas eNOS and VEGF reactivities were high. In 80 hours; eNOS and VEGF immunureactivities started to decrease. iNOS reactivity was absent. It seems that VEGF and eNOS activities initiate the procedure and then decrease. iNOS showed no ac-tivity during all phases. In conclusion; NO and VEGF seems to be effective in early phases of vasculogenesis and angiogenesis. VEGF may contribute to angiogenesis and eNOS probably play an important role.
